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High-capacity optoelectronic interconnectionsHighHigh--capacitycapacity optoelectronicoptoelectronic interconnectionsinterconnections
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Basic optical interconnectBasic optical interconnectBasic optical interconnect
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Optical interconnectOptical interconnectOptical interconnect
CPU

Wavelength
Router and

Optical 
Interconnect

Shifting blocks of 
new λλλλ- λλλλ

(1       3)
λλλλ1... λλλλ32

(2       3)
λλλλ33... λλλλ64(1       3)

λλλλ1... λλλλ32

λλλλ1... λλλλ32
(2       3)CPU CPU

CPU

regime ( 33 ... λλλλ64)
λλλλ( 1 ... λλλλ32)



Hig h Ca p a city 
Op to e le ctro ni c 

Inte rco nne cts

UNI VER SITY OF N EW MEXICO
STANF OR D UNI VERSITY

UNIVER SITY O F I LLI NO IS
UNIVERSI TY O F TEXAS  -  AUS TIN

UN I VERSITY OF SOUTHERN CALI FORN IA

A. Willner
Approved for public release, distribution unlimited

• Time Slot Interchange and Wavelength Shifting

• Wavelength Shifting of Subcarrier Multiplexed 
Channels

• Chip Scale Optical Processing Components

• Latency in Optical Interconnections

OutlineOutline
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Combine TSI and λλλλ-conversion in a single interconnection

PPLN
λλλλ-conversion

Time
Slot 

Interchange

4 3 2 1 3 4 1 2

TSI & 
λλλλ−−−−conversion

4 3 2 1 3 4 1 2

Multidimensional switching: 
Wavelength and time

Multidimensional switching: Multidimensional switching: 
Wavelength and timeWavelength and time
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TSI with wavelength conversionTSI with wavelength conversionTSI with wavelength conversion

λλλλ-conversion
by PPLN

1234
INPUT @ λλλλ0

1234
@ λλλλ0

13 λλλλ0 converted to λλλλ1

Tunable FBGs:
2-bit time delay
between λλλλ0 & λλλλ1

1234 @ λλλλ0

13
2-bit delayed @ λλλλ1

13
TSI OUTPUT @ λλλλ1

24

1234λλλλ-conversion
by PPLN

• Odd numbered slots are mapped to λ1 at the 1st PPLN.
• At the 2nd PPLN, even numbered slots are λ-shifted.
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TSI experiment waveformsTSI experiment waveforms
123456789012345678901234567890

Input signal

2-bit delayed
λλλλ-shifted signal

λλλλ-shifted signal
from 1st PPLN

TSI & λλλλ-shifted 
signal

Input signal

Time slot interchange defines the output destination. 
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Difference frequency generation
by PPLN

Difference frequency generationDifference frequency generation
by PPLNby PPLN

� λout = 2λpump - λin 
Mirror image of 
the input 
wavelength is 
λout. 

� DFG has a 
bandwidth of ~ 
40 nm.

Spectrum of DFG by PPLN
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Conversion efficiency 
theoretical limit is –4 dB.
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TSI experiment with PPLNTSI experiment with PPLNTSI experiment with PPLN
1st PPLN

DFG device

EDFAMOD 2nd PPLN
DFG device

BPF

Wavelength
Dependent 

Delays

EDFAMODλin

λp

• Input data is at 2.5 Gbps.
• Time slot interchanged data is at the output of 2nd PPLN.


